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• History of the production, tests and delivery of FPMs

> Production of 27 FPMs/week from November 2019 to February 2020.

> Performance tests at IRAP completed in mid May 2020.

> Lot of issues detected (e.g. bad PMT/DU/channel associations,...).

> Verification and modification campaign & firmware update in January 2021

> Delivery of FPM to IRFU from January 2021 to July 2021

> First measurements at IRFU in August-September 2021

> IRFU sent back some FPMs with abnormal PMTs to IRAP for further analyses in October and December 2021

FAI FPM

FPMs of the QM
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• Measurements at IRFU

- Observation of abnormal pixels during the first tests.

> too high noise with and without HV,

> too low gain (HG or/and LG).

See the “20/09/2021” section in the Data Analysis Wiki pages 

- In April-May 2022 long duration runs: Pedestal & Flat Field.

Unstable pixels with random variation of:

> gain (HG or LG) 

> pedestal fluctuations

> slow control (currents, HVs,…)

- Statistics:

Detection of anomalies in ~ 7% of pixels in 4 runs of ~ 15 hours.

See the "22/06/2022” section in the Data Analysis Wiki pages   

FPM Test bench V2

Status of the Focal Plane Module for the NectarCAM QM

Anomalies	

•	Gains	(charge	réduite)	anormaux.	

•	Gains	variables.	

...	en	High	Gain	ou/et	en	Low	Gain.	
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• Analyses at IRAP

- Defaults of impedances of HVPA PCBs vias:

> bad or variability in the transmission of pulses.

> variation of voltages that control the board (e.g. HV)

=> noise and gain variations 

- Expertise of HVPA and IB boards 

> Made by Elemca and RME

>  Too thin conductive layers

> Discontinuity in layers of Copper 

> Too many anomalies detected in vias of HVPA board 

The PCBs of the HVPA do not fulfill the IPC610 specification!

FPM Test bench V2

Status of the Focal Plane Module for the NectarCAM QM

Cut view of a HVPA PCB
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• IRAP sent a non conformity notification to Microtec

- Meeting at Microtec with IRAP and some members of the NectarCAM collaboration, the July 6th, 2022.

- Microtec recognized the bad manufacturing of HVPA board.

- The subcontractor (Apertech) that produced PCBs did not respect the IPC610 specifications.

- Microtec requested compensation from its subcontractor. 

- Microtec proposed to make an other production of FPM (“QM bis”) paid with its insurance.

- The process between insurance experts of Microtec and Apertech is in progress.

FPM Test bench V2

Status of the Focal Plane Module for the NectarCAM QM
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• Procurement of components

- PMTs: ordered for 4 NectarCAMs. 

- PACTA: 21000 ASICs received and validated by Andreu Sanuy at UB. 

- Microcontrollers: ordered for 8 cameras.

- Electronics components: ordering for 8 cameras would be sent before 2023.

FPM Test bench V2

Preparation of the mass production

HG transimpedance of PACTA produced in 2021

PMTs stored at IRAP



- Performances of the 7000 PMTs received so far (data from Hamamatsu)

Preparation of the mass production

> Estimated peak

quantum efficiency

> Nominal high voltage
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• Test of alternative to CECLA transformers

- Alternative manufacturers: EXXELIA and SAMCON

- Transformers tested and soldered on a HVPA board of a DU.

- Performances measured with the FPM Test bench => validated 

FPM Test bench V2

Preparation of the mass production

• Next steps: production of prototypes

- Electronic boards: HVPA v6 and IB v6

> Kapton replaced by ThinFlex; HVPA board has to be slightly modified.

> Re-routing and production of prototypes.

- FPMs prototypes to validate the industrial production process.

 
 

MST-CAM / NectarCAM Ref. : MST-CAM-TR-0554-IRAP 
Ed. :  1 
Rev. :  0 
Date:   29/06/2021 Page : 13/31 

Rapport de test des transformateurs 
EXXELIA et SAMCON 

 
 
 
La fréquence de l’oscillation est de 57,97 kHz pour une consigne de 1kV sur la carte HVPA_V5. Ce 
transformateur fonctionne dans les conditions attendues. 
 

8.2. Résultats des tests sur FPM, RUN 272. 
Les figures suivantes montrent les spectre SPE pour les channels 1, 3, et 6 qui sont équipés de, 

respectivement, un transformateur CECLA sur HVPAv5, un transformateur CECLA sur HVPAv5b 
et un transformateur EXXELIA sur HVPAv5. Tous les spectres sont corrects (largeur du pedestal, 
résolution du SPE, gain, intensité, low charge fraction...). 

 
Figure 1 : Spectre SPE sur DU avec CECLA sur HVPAV5 
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Rapport de test des transformateurs 
EXXELIA et SAMCON 

 
 
 

 
Figure 2: Spectre SPE sur DU avec CECLA sur HVPAV5b 

 
Figure 3: Spectre SPE sur DU avec EXXELIA sur HVPAV5 

DU with EXXELIADU with CECLA
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• Optimization of the Interface Board control (v3.2)

- Remote programming of the microcontroller

> Development of a bootloader code in the flash memory 

of the microcontroller.

> Tests and validation performed at IRAP.

> Modifications of the FEB software (Vincent Voisin, LPNHE)

> Validation with one FPM on the NectarCAM in April 2022 (Patrick Sizun, IRFU).

- Update and improvement of the microcontroller firmware

> Firmware version, IB and FPM id numbers written in the microcontroller memory.

> New control commands (e.g. switch value for the current trips, reset of the software…) 

- Further developments/improvements expected: work in progress, Meeting at IRAP end of October.

FPM Test bench V2

Preparation of the mass production

 

 

MST-CAM / NectarCAM Ref: MST-CAM-RP-0562-IRFU 

BI-ANNUAL PROGRESS REPORT 

Version: 0.0 

Date: 31 08 2021 

Page: 34/96 
 

 

 

 

Figure 11: Setup used to develop and test the remote programming of the microcontroller on an IB via the SPI link with a FEB (left) 
and Graphic User Interface to control the remote programming of the microcontroller (right). 

 
d - FPM test bench for the industry.  
 

During the mass production, before their delivery to IRFU, the freshly produced FPMs will be 
validated with a dedicated FPM test bench in industry (FPM test bench v3) that will perform the 
following measurements (see also MST-CAM-TP-0371-IRAP_FPM_Test_Plan): 
 • sanity check (slow control values, noise level and fluctuations at 0 V and 100 V…), 
 • single photoelectron at 1400 V, 
 • nominal gain at a NSB rate of 300 MHz, 
 • gain stability with the NSB rate, 
 • charge resolution, 
 • star transit test. 
 
The FPM test bench will produce a database for validated FPMs. The database will be delivered to 
IRAP and to IRFU. The FPM test bench will also propose hints for repairing a FPM when an 
anomaly is detected. 
 
We decided that the shape and structure of the FPM test bench mechanics have to be close to the 
ones of the other test benches for industry (i.e. HVPA, IB ad DU test benches). Frédéric Bouley, a 
student, produced a preliminary design of the mechanical structure of the FPM test bench during his 
internship (see figure below). Seven FPMs will be connected to seven FEBs embedded in a 
mechanical support5 similar to the ones of the FPM test bench in the dark room at IRAP (e.g. see 
Fig. 17 in the Progress Report #4 and Fig. 12 in the Progress Report #5). The design of the 
mechanics has to be completed before ordering their elements. It will be updated with the insertion 
of a computer with an integrated touch-sensitive screen. 
 
The FPM test bench will use a single photoelectron calibration system equipped with seven flash 
LEDs to produce bursts of photons and seven white LEDs to simulate the night sky background 
(NSB). This system and the control of LEDs are based on the SPE calibration system provided by 
IPNO in 2019. The LEDs are mounted on a panel (see figure below), which will be set at 40 cm of 
                                                
5 Oscar Ferreira designed this mechanical support. 
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• FPM test bench for the industry.

> Aims: functional & main performance tests (see Adellain’s talk)

> Mechanical design completed. 

> Mechanical assembly in progress

> Software to control of the FPM test bench: in progress

FPM Test bench V2

Preparation of the mass production

Mechanical support of the
light source system

Light	guides	

		•	Winston	cones	delivered	to	IRFU	in	July	2021	for	the	NectarCAM	1	

		•	Start	of	the	producBon	of	Winston	cones	for	4	NectarCAMs	

	Delivery	of	16	000	Winston	cones	expected	in	July	2022.	

	

Focal	Plane	Modules	

		•	FPM	v2	for	the	NectarCAM	1	

	>	Update	of	the	IB’s	firmware	and	tests	in	January	2021.	

	>	Delivery	to	IRFU	completed	in	July	2021.	

		•	PreparaBon	to	the	mass	producBon	(4	NectarCAMs):	

	>	FPM	v3:	new	HVPA	and	IB	boards,	remote	programming.		

	>	ProducBon	of	PMTs:	from	August	2021	to	October	2022.	

	>	Development	of	a	FPM	Test	bench	for	industry.	

Status	of	the	Focal	Plane	InstrumentaBon		
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• Variation of performances with temperature (internship in 2022)

- Aims: Re-do measurements performed in 2018 but with a new FPM

- No significant variation of pedestal fluctuations with temperature 

- Gain variation with temperature of about -0.4%/ºC

• Stress tests

- Aims: detect any default in a large number of On/Off cycles

- Made with the FPM 42 (from Adlershof tests) and a FEB v5.

- Cycle with On/HV on/pulses & Slow Control acquisitions/HV off/Off

- 7300 cycles performed – equivalent to ~30 years of operation. 

- No issue detected.

FPM Test bench V2

Other activities
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• Thermal tests

- Aims: Check whether a FPM of the QM survives negative temperatures

- Made with the FPM 292.

- Performances (pedestal, pulse) measured before and after the stay.

- Few hours at temperature of -10ºC, -15ºC and -20 ºC.

- No issue detected so far. 

FPM Test bench V2

Other activities



Draft schedule

• Next tasks to complete

- Few minor RIX to close.

- FPM test bench for industry (mechanics, integration, calibration).

- HVPA, IB and DU test benches (maintenance).

- Traceability tools

- Validation of prototypes (v6 electronics boards and FPMs)

• Production planning (managed by Christophe Marty)

- Lot of uncertainties in the production of FPMs for the QMbis.
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FPM Test Plan 
 

 
 
 
 
5. TRACEABILITY 
 
Each detector unit (DU) is connected at a given position on a FPM. That position is identified as the 
channel of a NectarCAM module7. In order to correctly tune the DU (nominal high gain, conversion 
factor of the anode current,…) and for the future data analyses (quantum efficiency,…) during 
operations, the id codes of the PMT and of the DU have to be associated to the correct channel of 
the freshly mounted FPM. That identification is performed with a traceability tools (see Fig. 4) that 
read the 2D matrix code of DUs and the FPM. That tools is equipped of 7 barcode scanners and a 
GUI with a software that process the data and send the association DU-channel for a given FPM to 
a database via FTP. The identification tool will be used by a worker (trained by IRAP's engineer) 
during the mounting of FPM, in industry for the mass production. 
 
 

 
Figure 4: System used to verify the 2D matrix code of DUs in a FPM. 

  

                                                
7 A NectarCAM module is a FPM equipped with its Winston cones (light guides) connected to the 
Front End Electronics (FEB). A DU can also be considered as a pixel of the NectarCAM camera. 

Traceability tools



Thank you



Low gain

Long duration runs

High gain

Pedestal fluctuations
(Dt = 60 ns)

Mean charge


